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Description 

METHOD AND APPARATUS FOR CONTROLLING A 
TDM COMMUNICATION DEVICE 

Background of the Invention 

This invention relates generally to two-way radio 
communication and more particularly to time division 
multiplexed (TDM) digital communication and is more 
particularly directed to a method and apparatus for con- 
trolling a repeater. 

It is a problem with repeaters that they are often lo- 
cated in remote or inaccessible places, so that battery 
replacement or general maintenance is expensive. 

In the field of general purpose data control and in- 
formation systems, international patent application 
number WO84/00655 of Motorola Inc. describes a sys- 
tem in which a remote station transmits a command data 
packet in response to an activation signal. The system 
unmutes a processing path in the radio in response to a 
code. 

From the publication 'NEC RESEARCH AND DE- 
VELOPMENT', no. 76, January 1985, pages 24-35, 
there is known a TDM radio communication system 
which utilizes a repeater. However, in this known system 
the repeater does not transmit a synchronization signal 
in response to an activation signal received from a re- 
mote unit, and data transmission by the remote units is 
not responsive to the synchronization signal from the re- 
peater. 

Summary of the Invention 

According to the present invention, there is provided 
a method for controlling a primary station (a repeater) in 
accordance with claim 1 and a method for communica- 
tion according to claim 4. A repeater is also provided ac- 
cording to claim 9. 

Brief Description of the Drawings 

The features of the present invention are set forth in 
the appended claims. The invention, together with fur- 
ther objects and advantages thereof, may be understood 
with reference to the following description, taken in con- 
junction with the accompanying drawings, in which the 
several figures of which like reference numerals identify 
like elements, and in which: 

FIG. 1 is a block diagram of a TDM communication 
system; 

FIG. 2 is an illustration of the preferred organization 
of a communication channel; 
Figure 3a is an illustration of the preferred organiza- 
tion of the slot overhead for a primary to remote 
transmission; 

Figure 3b is an illustration of the preferred organiza- 



tion of the slot overhead for a remote to primary 
transmission; 

Figure 4 is a block diagram of a remote unit; 
Figure 5 is a block diagram of a primary unit; 
5 Figure 6 is a block diagram of a single frequency pri- 
mary unit; 

Figure 7 is a block diagram of the preferred embod- 
iment of the controller of the present invention; 
Figures 8a-8c are flow diagrams of the steps exe- 
10 cuted by the present invention to control the remote 
unit of Figure 4; 

Figure 9 is a flow diagram of the steps executed by 
the present invention to control the primary stations 
of Figures 6 or 7. 

15 

Detailed Description of the Preferred Embodiment 

In Figure 1 there is shown a block diagram of a time 
division multiplexed (TDM) system 100. The system is 

20 comprised essentially of a repeater 102, a mobile unit 
104, a base station 106 and a portable 108. As used 
herein, a portable unit (108) is defined to be a commu- 
nication unit typically designed to be carried about the 
person. A mobile unit (104) is a transceiving unit de- 

25 signed to be carried in vehicles, and a base station (1 06) 
is contemplated to be a permanent or semi-permanent 
installation at a fixed location. The mobile 104, the base 
station 1 06 and the portable unit 1 08 are hereinafter col- 
lectively referred to as remote units, and the repeater 102 

30 is hereinafter referred to as the primary station. The re- 
mote units communicate via the primary station using ra- 
dio frequency (RF) channels that are divided into at least 
two time slots. The RF channels used by the present in- 
vention are contemplated to be standard narrowband 

35 land mobile channels. These channels are typically un- 
derstood to be communication channels having a band- 
width of 25 kHz (for duplex, the channel frequency pairs 
are spaced 45 MHz apart in the 800 MHz band). Of 
course, other channel bandwidths and spacings are pos- 

40 sible, however, the present invention contemplates the 
use of standard land mobile channel requirements there- 
by obviating the need for any new FCC allocations or 
requirements. 

Those skilled in the art can appreciate that human 

45 speech contains a large amount of redundant informa- 
tion. To most efficiently utilize the frequency spectrum it 
is desirable to remove as much of the redundant infor- 
mation as possible prior to transmission. The message 
is then reconstructed at the receiving end from the trans- 

50 miffed essential speech information. Speech production 
can be modeled as an excitation signal (i.e., air from the 
lungs) driving a filter (the vocal tract), which possesses 
a certain resonant structure. The spoken sound changes 
with time since the filter varies with time. The excitation 

55 is noise-like for unvoiced sounds (i.e., consonants) and 
appears as a periodic excitation. for voiced sounds (for 
example vowels). Therefore, to reduce the amount of 
bandwidth required to send a voiced signal, the spectral 
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characteristics of tlie signal must be analyzed and the 
nature of the excitation signal must be determined. 

Prior communication systems have employed 
speech digitation techniques such as pulse code modu- 
lation (PCM) or continuously variable slope delta (CVSD) 
modulation to attempt to replicate the time waveforms of 
the speech signals. However, these techniques suffer 
the detriment of requiring data rates from 12 kbps to 64 
kbps. The current state of the art in land mobile commu- 
nications is a data rate of 12 kbps to 16 kbps on a 25 kHz 
channel. This allows the transmission of one voice signal 
using CVSD. Those skilled in the art will appreciate that 
the combination of more efficient voice coding (for exam- 
ple coding in the range of 2.4 kbps to 9.6 kbps) and more 
efficient data transmission (18 kbps to 24 kbps on a 25 
kHz channel) would allow the transmission of two or 
more voice signals in 25 kHz of frequency spectrum. 

Prior techniques indicate splitting the communica- 
tion channels into narrow frequency segments, each be- 
ing the minimum to allow one digitized voice path. These 
techniques have two distinct disadvantages. First, nar- 
row channels and wide channels do not mix well within 
a system so that a gradual transition from wider to nar- 
rower channels is accompanied by increased co-chan- 
nel and adjacent channel interference. Secondly, any 
particular choice of a narrower standard channel band- 
width "freezes" the state of the art. That is, simply rede- 
fining and fixing the standard bandwidth for land mobile 
communications prohibits advantageous exploitation of 
technological improvements without another reassign- 
ment or redefinition of communication standards. 

The present invention keeps the current standard for 
land mobile communication channels while splitting the 
time among users according to the fraction of the chan- 
nel bit rate required for on voice signal. This method has 
the advantages of preserving the present level of inter- 
ference protection and allowing splitting (in time) as often 
as needed to take full advantage of advances in the state 
of the art of coding and data transmission. 

The present invention contemplates vo-coding the 
voice signal to minimize the speech data rate. As used 
herein, vo-coding means the analysis and synthesis of 
voice, which either utilizes a vocal track model, or quan- 
tizes sub-bands of a speech waveform to remove redun- 
dant speech information thereby enabling the transmis- 
sion of the required voice information in a reduced band- 
width. 

A typical example of a vo-coder employing a vocal 
track model is a linear predictive coder (LPC). An LPC 
analyzer typically operates on blocks of digitized voice, 
determining the model parameters that are applicable 
during a particular block, and transmitting these param- 
eters to a synthesizer at the receiving unit. The synthe- 
sizer reconstructs the speech signal by using the param- 
eters received. Since the model parameters vary slowly 
with time compared to the speech waveform, the redun- 
dancy of the speech is removed. 

A typical example of a vo-coder employing speech 



sub-band quantitization is a sub-band coder (SBC). In 
an SBC analyzer, sub-bands of a speech waveform are 
quantized and a determination is made concerning the 
amount of speech energy in each sub-band. Only those 

5 sub-bands having an energy content above a predeter- 
mined threshold are transmitted thereby enabling trans- 
mission in a reduced bandwidth. Accordingly, vo-coding 
provides a further reduction in the speech data rate by 
using a coding technique based upon specific speech 

10 characteristics, transmitting only the perceptually impor- 
tant information contained in a speech signal. Vo-coding 
allows a sufficiently low speech coding rate to enable the 
division of a 25 kHz channel bandwidth, thereby provid- 
ing a spectrally efficient communication system. 

15 Referring now to Figure 2, there is shown an RF 
communication channel 200 subdivided into 8 time 
sub-slots. Each time sub-slot 1 -8 has associated with it 
an overhead data portion 202 which contains a signalling 
protocol to be hereinafter defined. Once the RF channel 

20 is divided into a predetermined number of time sub-slots 
(8 in the preferred embodiment) they are grouped into 
subsets that form communication time slots employed 
by the actual system users. 

Those skilled in the art will appreciate that vo-coding 

25 a voice at various coding rates may affect the perceived 
quality of the received speech. Accordingly, speech 
vo-coded in a 9.6 kbps sub-band coder may be of higher 
perceived quality than 2.4 kbps LPC coded speech. 
Therefore, the present invention contemplates grouping 

30 the 8 time sub-slots into subsets as required by the par- 
ticular vo-coder utilized. An exemplary arrangement of 
slot assignments is illustrated in Figure 2 (reference 
202). Sub-slots 1-4 have been combined to form slot, la, 
which may provide toll quality speech for the users of a 

35 system. Slot 1 b and slot 1 c are formed by combining two 
sub-slots (5-6 and 7-8 respectively) that may provide 
speech of a lesser quality that is still acceptable to a par- 
ticular user. Accordingly, the air-time billing rate may vary 
depending upon the quality of speech required in a par- 

40 ticular user environment. Moreover, as technology im- 
proves and the quality of speech for a lower bit rate 
vo-coder is enhanced, further subdivisions may be read- 
ily employed since the system was designed originally 
to operate with a greater number of time slots (i.e., ulti- 

45 mately the 8 time sub-slots would be communication 
time slots). 

Referring now to Figures 3a and 3b, there is shown 
the preferred embodiment of the overhead data informa- 
tion (202 of Figure 2) for both the primary-to-remote, and 

50 remote-to-primary transmissions. Figure 3a illustrates 
the primary-to-remote data overhead 300. The data 
overhead begins with a propagation delay 302. Typically, 
the maximum propagation time delay will be defined by 
the particular system coverage designed into a particular 

55 implementation. Typically, system range is predominate- 
ly responsible for determining the propagation delay. For 
example, the two-way propagation delay for distant re- 
mote units (60 miles) may be twelve bits with 18 kbps 
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signalling. If the vo-coded signal received at the primary 
station (repeater) were simply repeated, the message 
delay would become a function of the distance of the 
transmitting remote unit. The receiving remote units 
would be required to correctly determine where the mes- 
sage information resided within the slot to correctly re- 
cover the voice message. Accordingly, the present in- 
vention contemplates a system wherein the primary sta- 
tion repeats the information at a fixed point in the slot. 
All remote units synchronize to the primary station's 
transmitted signal. 

Following the propagation delay 302 is the transmit 
key time 304. The transmit key time 304 represents the 
time required to switch a unit between the transmit and 
receive frequency. This is typically considered to be a 
hardware limitation, and in the preferred embodiment is 
1.22 milli-seconds (ms) in duration. Those skilled in the 
art will appreciate that the actual number of bits trans- 
mitted will depend on the data rate used. Of course, as 
improved power amplifiers and frequency synthesizers 
are designed, the transmit key time may decrease to a 
lesser duration. The bit synchronization pattern 306 fol- 
lows the transmit key 304. The bit sync portion of the 
data overhead 300 represents a digital pattern required 
to obtain bit synchronization between a transmitting unit 
and a receiving unit. In the preferred embodiment, the 
bit sync portion 306 consists of 1 .22 ms of an alternating 
logic-one logic-zero pattern. After acquiring bit synchro- 
nization, the receiving unit must also have frame syn- 
chronization to properly decode one or more time slots. 
In the preferred embodiment of the present invention the 
frame synchronization portion 308 consists of a prede- 
termined digital word. The receiving unit must correctly 
receive the frame sync portion 308 in a majority decision 
fashion (3 out of 5 in the preferred embodiment) in order 
to properly acquire frame synchronization. Synchroniz- 
ing in this manner allows an acceptable system falsing 
rate utilizing a minimized number of data bits to form the 
synchronization word. After frame synchronization, the 
receiving remote unit receives the subframe ID code 
310. The subframe ID code contains information which 
is used by a remote unit to control and direct the receiving 
circuitry to operate on at least one TDM slot. Of course, 
as illustrated in Figure 2, the receiving remote unit may 
be informed, via the subframe I D 31 0, that it will group a 
plurality of time sub-slots into a single user slot. After cor- 
rectly synchronizing and decoding an assignment to at 
least one TDM slot, the remote receives the vo-coded 
speech 312, which follows the data overhead 300. 

In Figure 3b, the data overhead 314 for the re- 
mote-to-primary station transmission is illustrated. The 
data overhead 314 is similar to the data overhead 300 
of Figure 3a except that the propagation delay 302 is not 
required since the primary station repeats all messages 
at the same point in the time slot, and the subframe ID 
310 is not required since slot assignment is performed 
by the primary station (repeater). Following the frame 
synchronization portion 308 (of the remote-to-primary 



station data overhead 314) the remote unit transmits the 
vo-coded voice message. 

In Figure 4 there is shown a block diagram of a re- 
mote unit 400. The heart of the remote unit 400 is the 

5 controller 402 of the present invention (a more detailed 
illustration and discussion of which follows hereinafter). 
To transmit, a speech signal is first input via a micro- 
phone 404. The speech is analyzed by a vo-coder ana- 
lyzer 406, which is enabled by the controller 402 via con- 

10 nection 407. The vo-coder analyzer may be any suitable 
coder and in the preferred embodiment is an LPC or SBC 
vo-coder. The controller 402 takes the vo-coded infor- 
mation, which is in digital form, and routes it to the trans- 
mit buffer 408 via data line 41 0. The digitized speech in- 

15 formation is stored in the transmit buffer 408 at whatever 
coding rate is selected for the vo-coder analyzer 406. 
Typical examples of vo-coding data rates include, but are 
not limited to, 9.6, 4.8, and 2.4 kbps. When the transmit 
buffer 408 has reached a predetermined capacity limit, 

20 the information is extracted by the controller 402 via con- 
nection 41 2 and routed to the transmitter 41 4. Of course, 
the controller 402 preambles the speech information by 
the data overhead portion 202 as illustrated in Figure 2. 
The controller 402 couples the transmitter 41 4 to an an- 

25 tenna 416 via the switch 418. alternatively, the switch 
41 8 could be replaced with a duplexer (or the like) to con- 
tinually couple the transmitter and receiver to the anten- 
na. In this manner, the data overhead and speech infor- 
mation are transmitted at a selected transmission data 

30 rate, which must be at least twice that of the vo-coding 
data rate. Alternately, data information (already in digital 
form) may be transmitted in the same manner via data 
source 420. Moreover, a combination of vo-coded 
speech and data may alternatively be sent as deter- 

35 mined by a particular user. 

To receive information from a time slot, the controller 
402 couples the antenna 416 to a receiver 422 via the 
switch 41 8. The receiver 422 is coupled both to the con- 
troller 402 and a clock recovery means 424, which may 

40 be any suitable clock recovery means that will synchro- 
nize the controller 402 to the received information using 
the bit sync or frame sync portions. Once synchronized, 
the controller 402 takes the received vo-coded speech 
(or digital data) and routes it to the receive buffer 426 via 

45 connection 428. This information is clocked into the re- 
ceive buffer 426 at a suitable data rate, which typically 
may be the transmission data rate. The information is 
extracted from receive buffer 426 via connection 430 and 
routed through the controller 402 to the vo-coding syn- 

50 thesizer 432. Of course, the information must be extract- 
ed at a data rate identical to that which the speech infor- 
mation was vo-coded. The synthesizer 432, enabled by 
the controller 402 by connection 433, operates on the 
essential speech components to synthesize the voice 

55 signal. This signal is applied to a speaker 434 that allows 
the message to be received by the operator. If, however, 
data was transmitted during a TDM slot, the data sink 
436, which may be a printer or monitor device, accepts 
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the data and displays it for tlie operator. 

Referring now to Figure 5, tliere is sliown a blocl< 
diagram of a repeater 500 tliat is controlled by the 
present invention to operate in a TDM communication 
system. The system reference 504 provides the control- 
ler 502 with the clock signal, which is used to determine 
the transmission data rate. Operationally, a vo-coded 
signal is received from at least one time slot on a first 
frequency and travels from the antenna 506 through the 
duplexer 508 to a receiver 510. The receiver 51 0 is cou- 
pled to a clock recovery device 512 and the controller 
502. The controller accepts the received vo-coded data 
signal from the receiver 510 at the data rate determined 
by the clock recovery device 512 and supplies it to the 
transmitter 514. The transmitter 514 repeats the signal 
including the data overhead 202 in at least one time slot 
on second frequency (at a transmission data rate deter- 
mined by the controller 502) through the duplexer 508 to 
the antenna 506. 

Referring now to Figure 6, a block diagram of a sin- 
gle frequency repeater (SFR) controlled by the present 
invention is shown. The repeater 600 is controlled by the 
controller 602, which takes a master clock signal from 
the system reference 604. A signal is received via an- 
tenna 606 and routed via the switch 608 to the receiver 
610. The receiver 610 supplies signals to the clock re- 
covery means 612 and the controller 602. The received 
vo-coded signal is stored in a buffer 618 via connection 
620 at the received data rate as determined by the clock 
recover means 612. The vo-coded message is stored in 
the buffer 61 8 until a subsequent time slot, at which time 
the buffer 618 is emptied by the controller 602 via con- 
nection 622 at a predetermined data rate, which is typi- 
cally the transmission data rate. The controller 602 then 
routes the buffered signal to the transmitter 614. The 
transmitter 610 sends the signal to the antenna 606 via 
the switch 608, which has been coupled to the transmit- 
ter via the controller 602 through connection 624. Ac- 
cordingly, in an SFR, the transmitter 614 and receiver 
610 are multiplexed to the antenna 606 a duplexer is not 
required. Those skilled in the art will appreciate that ei- 
ther the multiple frequency repeater or the single fre- 
quency repeater may be used alternately or in combina- 
tion in any particular TDM system. 

Referring now to Figure 7 there is shown a block di- 
agram of the present invention (controller 700) suitable 
for use in either a primary or remote unit. The controller 
700 is comprised of a microprocessor 702, such as an 
MC6801 manufactured by Motorola, Inc. The microproc- 
essor 702 is supplied a clock signal by clock source 704. 
The system reference (see Figs. 5 and 6) is routed to the 
frame marker 706 and the Synchronous Serial Data 
Adaptor (SSDA) 708. Microprocessor 702 is coupled to 
the frame marker 706 and the SSDA 708 via an address 
bus 710 and a data bus 712. The frame marker 706 is 
used to generate the frame synchronization information 
contained in the data overhead as was described in con- 
junction with Figure 2. The frame marker 706 can be any 



convenient device and may be, for example, a program- 
mable timer module (PTM), such as an MC6840 manu- 
factured by Motorola, Inc. The SSDA 708 is used in the 
controller 700 to accept data from the microprocessor 

5 702 and communicate the data serially to the transmitter 
714. In the preferred embodiment, the SSDA is an 
MC6852 manufactured by Motorola, Inc. The SSDA 708 
is also coupled to the clock recovery and data detector 
716. The clock recovery data detector 716 is coupled to 

10 the receiver 718 and is used to supply the received syn- 
chronization information and received vo-coded voice 
signals to the SSDA 708. Thus, the SSDA is used in both 
the transmit and receive modes to route data according- 
ly. The clock recovery and data detector 71 6 is also cou- 

15 pled to the frame sync detector 720. The frame sync de- 
tector 720 receives data from the data detector and clock 
recovery device 716 and is used to look for the frame 
sync marker in the received vo-coded signal. When 
frame synchronization is achieved, the frame sync de- 

20 lector 720 alerts the microprocessor 702 via connection 
722. Once the clock recovery device and the frame sync 
detector have both synchronized, the vo-coded signal 
can be either repeated (as in the primary stations of Figs 
5 or 6), or received and routed to the vo-coder synthe- 

25 sizer to recover the voice signal (as in the remote unit of 
Fig. 4). 

Referring now to Figures 8a-8c, there is shown a 
flow diagram of the steps executed by the present inven- 
tion when utilized to control a remote unit. In Figure 8a, 

30 the routine begins with the initialization step 800, which 
is executed during first time operation or after a reset. 
The initialization step 800 programs any frequency syn- 
thesizers and loads various ID codes that may be em- 
ployed during the operation of the controller. The routine 

35 next proceeds to decision 802, which checks to see if the 
repeater is active. The remote unit determines if the re- 
peater is active via the bit sync circuitry that operates on 
the bit sync portion of the data overhead (see Figure 3). 
A positive bit sync indication occurs if the repeater is op- 

40 erating (i.e., transmitting). Of course, if the repeater were 
inactive, the remote unit would not be able to obtain bit 
sync. 

Referring again to Figure 8a, if the repeater is not 
active the routine proceeds to decision 804 to detect 

45 whether the push-to-talk (PTT) switch has been actuated 
to initiate a communication. If the determination of deci- 
sion 804 is that the PTT switch is not actuated, the rou- 
tine returns to reference letter A and decision 802. The 
routine will continue in this loop until the PTT switch is 

50 actuated at which time the routine proceeds to step 805. 
In step 805, the predetermined repeater key-up code is 
transmitted to activate the repeater. The key-up code 
may be any suitable code and, of course. Preferably, the 
repeaters are inactive (i.e., off the air) if no remote unit 

55 is transmitting. This consen/es energy and increases the 
mean time between failure (MTBF) of the primary station. 
After transmitting the repeater key-up code, the routine 
proceeds to decision 806. Decision 806 determines 
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whether or not synchronization has been achieved. Both 
bit synchronization and frame synchronization are re- 
quired for an affirmative determination in decision 806 
(however, bit sync may have already been established 
in decision 802). Frame sync is determined by a majority 
determination based on a three-of-five correct recep- 
tions of the frame sync word (see Figure 3). If synchro- 
nization is established, the routine proceeds to step 808, 
which enables the analyzer of the particular vo-coder 
employed. Following the enabling of the vo-coding ana- 
lyzer, the routine proceeds to decision 810, which deter- 
mines whether the PTT switch has been activated. If the 
switch has been activated, the routine routes to refer- 
ence letter B of Figure 8b (to transmit). If the PTT switch 
is not activated, the routine proceeds to reference letter 
C of Figure 8c (to receive). 

Referring now to Figure 8b, the steps involved dur- 
ing the transmit mode of the controller are shown. The 
routine begins in step 812, which takes the digitized 
speech information from the vo-coding analyzer. The 
vo-coded speech is stored in the buffer (408 of Figure 4) 
in step 814 at the vo-coding data rate. Decision 816 de- 
termines whether the buffer is sufficiently full to begin 
transmitting. In the preferred embodiment, the buffer is 
deemed to be full (ready) when at least one-half of one 
slot of vo-coded data has been buffered. If decision 816 
determines that the buffer is not sufficiently full, the rou- 
tine returns to the reference letter B to receive more 
vo-coded speech from the analyzer in step 812. If the 
determination of decision 816 is that the buffer is suffi- 
ciently full, the routine proceeds to decision 818 to de- 
termine whether the present time slot is the assigned slot 
of a particular unit. The time slots must be assigned so 
that the mobile controller knows how many of the 
sub-slots (1-8) to combine for this particular communi- 
cation slot. If the present time slot is not the unit's as- 
signed time slot, the routine proceeds to decision 81 7 to 
check for sync. If decision 817 determines that sync has 
been lost, the routine proceeds to reference letter A. Oth- 
erwise, the routine proceeds to reference letter B. If de- 
cision 818 determines that the present time slot is the 
unit's assigned time slot, the routine proceeds to step 
819 to determine whether the unit is still in frame sync. 
The unit will have a valid frame sync if it has correctly 
received five of the past nine frame sync words. If deci- 
sion 819 determines that the unit has dropped frame 
sync, control returns to reference letter B. If the unit has 
held sync, the routine proceeds to step 820, which for- 
mats the data overhead preamble as previously de- 
scribed in conjunction with Figure 3. Following the data 
overhead formatting of step 820, step 822 transmits a 
single burst on the TDM channel by transmitting the over- 
head and vo-coded speech taken from the buffer at the 
transmission data rate. After this single slot is burst on 
to the TDM channel, decision 824 determines whether 
the buffer is empty. If the buffer is not empty, the routine 
returns to reference letter B which takes more speech 
and continues to transmit. If the buffer is empty, the rou- 



tine returns to reference letter A of Figure 8a which de- 
termines whether the repeater is active. 

In Figure 8c, the steps executed by the present in- 
vention for remote receive operations are shown. The 

5 routine begins in step 826 which receives the vo-coded 
signal from one or more time slots in the TDM channel. 
Step 828 updates the slot assignments for the device 
employing the controller. In the preferred embodiment, 
this represents updating a memory location which con- 

10 tains the number of sub-slots (1 -8) that may be combined 
in various arrangements to form communication slots for 
the TDM device. The routine next proceeds to decision 
830 to determine whether or not synchronization has 
been maintained. An affirmative determination results if 

15 the unit has correctly received five of the past nine frame 
sync words. If there is synchronization, the routine pro- 
ceeds to decision 832 to determine whether the commu- 
nication device is muted or whether the squelch is open 
to allow reception of the message. Those skilled in the 

20 art will appreciate various methods of squelch are 
known. One technique would consist of detecting wheth- 
er the received signal is valid data or noise. An alterna- 
tive would be to use a form of continuous squelch, com- 
monly referred to as "digital private line" (DPL). Another 

25 alternative would be to employ begin-of-message (BOM) 
and end-of-message (EOM) data words pre-ambled and 
post-ambled to the message, respectively. Basically, any 
suitable squelch system is acceptable to the present in- 
vention to operate as decision 832. If the squelch is mut- 

30 ed, the routine returns to reference letter D of Figure 8a. 
However, if the squelch is unmuted the routine proceeds 
to set 834 where the vo-coded signal is placed in the buff- 
er (426 of Figure 4) at the received data rate. Step 836 
removes the buffered signal from the buffer at the 

35 vo-coding data rate and presents it to the vo-coding syn- 
thesizer (432 in Figure 4). The vo-coding synthesizer re- 
constructs the original voice message and presents it to 
the operator either via a speaker or other means. Fol- 
lowing the completion of the synthesized message, the 

40 routine returns to reference letter D of Figure 8a. 

Referring now to Figure 9, the steps executed by the 
present invention when used to control a primary station 
(repeater) are illustrated. The routine begins in decision 
900, which determines whether the key up code has 

45 been received from a particular remote unit. If the key up 
code is not received, the repeater waits (i.e., off the air) 
until a key up code is received. Assuming, however, that 
the key up code was received, the routine proceeds to 
step 902, which starts the frame marker and keys up the 

50 transmitter. Step 904 transmits one burst of the data 
overhead defined in Figure 3 containing the TDM slot as- 
signment for the remote unit. After the remote unit re- 
ceives sync and a slot assignment, the remote unit trans- 
mits the data overhead and TDM vo-coded data mes- 

55 sage to the repeater. Accordingly, decision 906 deter- 
mines whether the synchronization (both bit and frame) 
from the mobile has been received in the present time 
slot. If sync has been received, the routine proceeds to 
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step 908, which resets a transmitter time-out-timer, 
which may be present to prevent the transmitter from 
transmitting either permanently or for prolonged periods. 
The routine then proceeds to step 910, which receives 
the TDM vo-coded data from the particular slot (or group 
of slots) assigned by the repeater. Step 912 retransmits 
or repeats the TDM data in another time slot on either 
the same frequency or in the same or different time slot 
on a second frequency depending upon which type of 
repeater is employed. Following the retransmission of 
step 912, the routine returns to reference letter A, which 
again sends one burst of data overhead with the time 
slot assignment and continues in this loop until there is 
no more vo-coded data to transmit. 

Referring again to decision 906, if the decision of 
step 906 is that the synchronization was not received in 
the present time slot, the routine proceeds to decision 
914, which determines whether or not the repeater trans- 
mitter is still keyed. The repeater transmitter may not be 
keyed if the time-out-timer has expired or a dekey code 
has been received (if any such code is employed). If the 
determination of decision 914 is that the repeater is still 
keyed, an alternating logical one and logical zero pattern 
are transmitted in the first sub-slot in step 916. Following 
step 916 The data over-head and slot assignment are 
transmitted in each of the sub-slots that form the partic- 
ular time slot used. Since the data over-head will not fill 
a sub-slot, an alternating logical one and logical zero pat- 
tern is use to fill each sub-slot. Following step 918 the 
routine returns to reference letter A, which will again 
send one burst of data overhead with the time slot as- 
signment to the mobile unit, and then to decision 906 to 
recheck if the repeater has properly received synchroni- 
zation from the remote unit. If the determination of deci- 
sion 914 is that the repeater is no longer keyed, the rou- 
tine returns to reference letter B, which again will await 
the key up code before the repeater is operational again. 

Claims 

1. A method for controlling a primary station (102) to 
operate in a time division multiplex communication 
system having a plurality of remote units (1 04, 1 06, 
108), comprising the steps of: 

(a) receiving an activation code from at least 
one of the plurality of remote units; 

(b) transmitting a data signal (300) containing at 
least a synchronization portion (306, 308) and 
slot assignment information (31 0) to at least one 
remote station in response to the activation 
code; 

(c) receiving (910) thereafter an information sig- 
nal (314) from the said remote unit, including a 
preambled data signal, during at least one time 
slot from a communication channel at a prede- 
termined data rate C to provide a received infor- 



mation signal; 

(d) repeating (912) said received information 
signal preambled by a data signal in at least one 
time slot at said rate; 
5 (e) operating, thereafter, continuously until it is 

determined that none of the plurality of remote 
units has transmitted information for a time 
interval, and deactivating the remote station 
automatically after that time interval. 

10 

2. The method of claim 1, which includes the step of 
re-transmitting said data signal of step (b) upon the 
failure of receiving the preambled data signal of step 
(c). 

15 

3. The method of claim 1, which includes the step of 
buffering said received information of step (c) prior 
to repeating same in step (d). 

20 4. A method for communicating information between a 
first time division multiplex communication device 
(104, 106, 108) and a plurality of remote time divi- 
sion multiplex communication devices (104, 106, 
108) via a time division multiplex repeater (102), 

25 comprising the steps of: 

(a) at a first communication device: 

(1) transmitting an activation code to the 
30 repeater (1 02) if the repeater is determined 

to be inactive; 

(2) transmitting an information signal (314) 
to the repeater in a first time slot over a com- 
munication channel at a predetermined 

35 data rate C in accordance with a time divi- 

sion multiplex protocol after receiving a 
synchronisation signal and slot assignment 
information from the repeater; 

40 (b) at the repeater: 

(1) receiving said activation code; 

(2) transmitting a synchronization signal 
(306, 308) to the plurality of remote com- 

45 munication devices 

(3) receiving said information signal (314) 
from said communication channel during 
said first time slot; 

(4) repeating (912) said information signal 
50 in a second time slot preambled by a data 

signal; 

(5) operating, thereafter, continuously until 
it is determined that none of the plurality of 
remote units has transmitted information for 

55 a time interval, and deactivating the 

repeater automatically after that time inter- 
val; 
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(c) at the remaining plurality of communication 
devices or a portion thereof: 

(1) synchronizing to said synchronization 
signal; 5 

(2) receiving said repeated information sig- 
nal in an assigned time slot. 

5. The method of claim 4, wherein the step of synchro- 
nizing comprises the steps of: io 

(a) adjusting a bit synchronization means to a 
bit sync signal; 

(b) detecting a predetermined frame synchroni- 
zation word. 15 

6. The method of claim 5, wherein said detecting step 
comprises detecting said predetermined frame syn- 
chronization word based on a three of five majority 
decision. 20 

7. A method according to any one of the preceding 
claims wherein the communication channel is 
divided into time sub-slots which are grouped into 
subsets (1 A, IB, 1 C) that form communication time 25 
slots for use by the remote communication devices 
and wherein different communication devices are 
allocated time slots comprising different predeter- 
mined numbers of time sub-slots. 

30 

8. A method according to claim 7 wherein each time 
sub-slot has associated with it a data portion (202) 
for signalling protocol information and a voice por- 
tion for vo-coded voice information. 

35 

9. A repeater for operation in a time multiplex commu- 
nication system having a plurality of remote units 
(104, 106, 108), comprising: 

(a) means for receiving an activation code from 40 
at least one of the plurality of remote units; 

(b) means for transmitting a data signal (300) 
containing at least a synchronization portion 
(306, 308) and slot assignment information to at 
least one remote unit in response to the activa- 45 
tion code; 

(c) means for receiving thereafter an informa- 
tion signal (314) from the said remote unit, 
including a preambled data signal, during at 
least one time slot from a communication chan- so 
nel at a predetermined data rate C to provide a 
received information signal; 

(d) means for repeating (912) said received 
information signal preambled by a data signal 

in at least one time slot at said rate; ss 

(e) means for determining that none of the plu- 
rality of remote units has transmitted informa- 
tion for a time interval, and 



(f) means for de-activating the repeater auto- 
matically after that time interval. 

Patentanspruche 

1. Verfahren zum Steuern einer Primarstation (102), 
die in einem Zeitmultiplex-Nachrichtenubertra- 
gungssystem mit einer Vielzahl entfernter Einheiten 
(104, 106, 108) arbeitet, das die folgenden Schritte 
umfaOt: 

(a) Empfangen eines Aktivierungscodes von 
wenigstens einer der Vielzahl entfernter Einhei- 
ten; 

(b) Senden eines Datensignals (300), das 
wenigstens einen Synchronisationsabschnitt 
(306, 308) und Schlitzzuweisungsinformatio- 
nen (310) enthalt, zu wenigstens einer entfern- 
ten Station in Reaktion auf den Aktivierungs- 
code; 

(c) anschlieOendes Empfangen (910) eines 
Informationssignals (314) von der entfernten 
Einheit, das ein vorangesetztes Datensignal 
enthalt, wahrend wenigstens eines Zeitschlit- 
zes von einem Ubertragungskanal mit einer vor- 
gegebenen Datenrate C, um ein empfangenes 
Informationssignal zu erzeugen; 

(d) Wiederholen (912) des empfangenen Infor- 
mationssignals, dem ein Datensignal vorange- 
setzt ist, in wenigstens einem Zeitschlitz mit der 
Rate; 

(e) anschlieOendes Fortsetzen des Betriebes, 
bis festgestellt wird, da(3 keine der Vielzahl ent- 
fernter Einheiten uber ein Zeitintervall Informa- 
tionen gesendet hat, und automatisches 
Abschalten der entfernten Station nach diesem 
Zeitintervall. 

2. Verfahren nach Anspruch 1, das den Schritt des 
nochmaligen Sendens des Datensignals aus Schritt 

(b) enthalt, nachdem das vorangesetzte Datensi- 
gnal aus Schritt (c) nicht empfangen wurde. 

3. Verfahren nach Anspruch 1 , das den Schritt des Puf- 
ferns der empfangenen Informationen aus Schritt 

(c) vorderWiederholungderselben in Schritt (d) ent- 
halt. 

4. Verfahren zum Ubertragen von Informationen zwi- 
schen einer ersten Zeitmultiplex-Nachrichtenuber- 
tragungsvorrichtung (104, 106, 108) und einer Viel- 
zahl entfernter Zeitmultiplex-Nachrichtenubertra- 
gungsvorrichtungen (1 04, 1 06, 1 08) uber einen Zeit- 
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multiplex-Repeater (102), das die folgenden 
Schritte umfaOt: 

(a) an einer ersten Nachrichtenubertragungs- 
vorrichtung: 5 

(1) Senden eines Aktivierungscodes zu 
dem Repeater (102), wenn festgestellt 
wird, da(3 der Repeater inaktiv ist; 

10 

(2) Senden eines Informationssignals (314) 
zu dem Repeater in einem ersten Zeit- 
schlitz uber einen Ubertragungskanal mit 
einer vorgegebenen Datenrate C entspre- 
chend einem Zeitmultiplex-Protokoll nach ?5 
dem Empfang eines Synchronisationssi- 
gnal und von Schlitzzuweisungsinformatio- 
nen von dem Repeater; 

(b) an dem Repeater: 20 

(1) Empfangen des Aktivierungscodes; 

(2) Senden eines Synchronisationssignals 
(306, 308) zu der Vielzahl entfernter 25 
Nachrichtenubertragungsvorrichtungen; 

(3) Empfangen des Informationssignals 
(314) von dem Ubertragungskanal wah- 
rend des ersten Zeitschlitzes; 30 

(4) Wiederholen (912) des Informationssi- 
gnals in einem zweiten Zeitschlitz mit 
einem vorangesetzten Datensignal; 

35 

(5) anschlieOendes Fortsetzen des 
Betriebs, bis festgestellt wird, da(3 keineder 
Vielzahl entfernter Einheiten uber ein Zeit- 
intervall Informationen gesendet hat, und 
automatisches Abschalten des Repeaters 40 
nach diesem Zeitintervall; 

(c) an derverbleibenden Vielzahl von Nachrich- 
tenubertragungsvorrichtungen oder einem Tell 
derselben: 45 

(1) Synchronisieren auf das Synchronisati- 
onssignal; 

(2) Empfangen des wiederholten Informati- so 
onssignals in einem zugewiesenen Zeit- 
schlitz. 

5. Verfahren nach Anspruch 4, wobei der Schritt des 
Synchronisierens die folgenden Schritte umfaOt: ss 

(a) Einstellen einer Bit-Synchronisationsein- 
richtung auf ein Bit-Sync-Signal; 



(b) Erfassen eines vorgegebenen Rahmensyn- 
chronisationswortes. 

6. Verfahren nach Anspruch 5, wobei der Erfassungs- 
schritt das Erfassen des vorgegebenen Rahmen- 
synchronisationswortes auf der Grundlage einer 
Drei-von-Funf-Majoritatsentscheidung umfaOt. 

7. Verfahren nach einem der vorangehenden Anspru- 
che, wobei der Ubertragungskanal in Zeit-Unter- 
schlitze unterteilt ist, die in Untergruppen (1A, IB, 
1C) eingeteilt werden, die Ubertragungszeitschlitze 
zur Nutzung durch die entfernten Nachrichtenuber- 
tragungsvorrichtungen bilden, und wobei verschie- 
denen Nachrichtenubertragungsvorrichtungen Zeit- 
schlitze zugewiesen werden, die verschiedene vor- 
gegebene Anzahlen von Zeit-Unterschlitzen umfas- 
sen. 

8. Verfahren nach Anspruch 7, wobei zu jedem 
Zeit-Unterschlitz ein Datenabschnitt (202) zur 
Signalisierung von Protokollinformationen und ein 
Sprachabschnitt fur Vocoder-Sprachinformationen 
gehort. 

9. Repeater zum Betrieb in einem Zeitmultiplex-Nach- 
richtenubertragungssystem mit einer Vielzahl ent- 
fernter Einheiten (104, 106, 108), das umfaOt: 

(a) eine Einrichtung zum Empfangen eines Akti- 
vierungscodes von wenigstens einer der Viel- 
zahl entfernter Einheiten; 

(b) eine Einrichtung zum Senden eines Daten- 
signals (300), das wenigstens einen Synchroni- 
sationsabschnitt (306, 308) und Schlitzzuwei- 
sungsinformationen enthalt, zu wenigstens 
einer entfernten Einheit in Reaktion auf den 
Aktivierungscode; 

(c) eine Einrichtung zum anschlieOenden Emp- 
fangen eines Informationssignals (314) von der 
entfernten Einheit, das ein vorangesetztes 
Datensignal enthalt, wahrend wenigstens eines 
Zeitschlitzes von einem Ubertragungskanal mit 
einer vorgegebenen Datenrate C, um ein emp- 
fangenes Informationssignal zu erzeugen; 

(d) eine Einrichtung zum Wiederholen (912) des 
empfangenen Informationssignals, dem ein 
Datensignal vorangesetzt ist, in wenigstens 
einem Zeitschlitz mit der Rate; 

(e) eine Einrichtung zum Feststellen, da(3 keine 
der Vielzahl entfernter Einheiten uber ein Zeit- 
intervall Informationen gesendet hat, und 

(f) eine Einrichtung zum automatischen 
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Abschalten des Repeaters nach diesem Zeitin- 
tervall. 



Revendications 

1. Precede de commande d'une station centrale (102) 
pour fonctionner dans un systeme de communica- 
tions a multiplexage par repartition dans le temps, 
ayant une pluralite d'unites distantes (104, 106, 
108), comprenant les etapes de : 

(a) reception d'un code d'activation d'au moins 
I'une de la pluralite des unites distantes ; 

(b) transmission d'un signal de donnees (300) 
contenant au moins une partie de synchronisa- 
tion (306, 308) et des informations d'affectation 
de tranches (310) a au moins une station dis- 
tante en reponse au code d'activation ; 

(c) reception (910) ensuite d'un signal d'infor- 
mation (314) par ladite unite distante, compre- 
nant un signal de donnees en preambule, pen- 
dant au moins une tranche de temps, d'une vole 
de communications a un debit predetermine C 
pourfournir un signal d'information regu ; 

(d) repetition (912) dudit signal d'information 
regu precede d'un signal de donnees dans au 
moins une tranche de temps audit debit ; 

(e) fonctionnement en continu, ensuite, jusqu'a 
ce qu'il soit determine qu'aucune de la pluralite 
d'unites distantes n'a transmis d'informations 
pendant un intervalle de temps, et desactivation 
automatique de la station distante apres cet 
intervalle de temps. 

2. Procede selon la revendication 1, comprenant 
I'etape de retransmission dudit signal de donnees 
de I'etape (b) apres la non-reception du signal de 
donnees de preambule de I'etape (c). 

3. Procede selon la revendication 1 , comprenant 
I'etape de tamponnage desdites informations 
regues de I'etape (c) avant repetition a I'etape (d). 

4. Procede de communication d'informations entre un 
premier dispositif de communications a multi- 
plexage par repartition dans le temps (104, 106, 
108) et une pluralite de dispositifs distants de com- 
munications a multiplexage par repartition dans le 
temps (104, 106, 108) par I'intermediaire d'un repe- 
teur a multiplexage temporel (102), comprenant les 
etapes de : 



(2) transmission d'un signal d'information 
(314) au repeteur dans une premiere tran- 
che de temps sur une vole de communica- 
tions a un debit predetermine C, selon un 
5 protocole de multiplexage par repartition 

dans le temps apres reception d'un signal 
de synchronisation et d'informations 
d'affectation de tranches par le repeteur ; 

10 (b) au repeteur : 

(1) reception dudit code d'activation ; 

(2) transmission d'un signal de synchroni- 
sation (306, 308) a la pluralite de dispositifs 

15 de communications distants ; 

(3) reception dudit signal d'information 
(314) par ladite vole de communications 
pendant ladite premiere tranche de temps ; 

(4) repetition (912) dudit signal d'informa- 
20 tion dans une deuxieme tranche de temps 

precedee d'un signal de donnees ; 

(5) fonctionnement en continu, ensuite, 
jusqu'a ce qu'il soit determine qu'aucune de 
la pluralite d'unites distantes n'a transmis 

25 d'informations pendant un intervalle de 

temps, et desactivation automatique du 
repeteur apres cet intervalle de temps ; 

(c) a la pluralite restante de dispositifs de com- 
30 munications, ou d'une partie d'entre eux : 

(1) synchronisation audit signal de 
synchronisation ; 

(2) reception dudit signal d'information 
35 repete dans une tranche de temps affectee. 

5. Procede selon la revendication 4, dans lequel 
I'etape de synchronisation comprend les etapes de : 

40 (a) ajustement d'un moyen de synchronisation 

de bits a un signal de synchronisation de bits ; 
(b) detection d'un mot de synchronisation de 
frames predetermine. 

45 6. Procede selon la revendication 5, dans lequel ladite 
etape de detection comprend la detection dudit mot 
de synchronisation de frames predetermine sur la 
base d'une decision majoritaire trois sur cinq. 



50 7. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la vole de communica- 
tions est divisee en sous-tranches de temps qui sont 
groupees en sous-ensembles (1A, IB, 1C) qui tor- 
ment des tranches de temps de communications 

55 pour etre utilisees par les dispositifs de communica- 
tions distants et dans lequel des tranches de temps, 
comprenant differents nombres predetermines de 
sous-tranches de temps, sont affectees a differents 



20 



25 



(a) a un premier dispositif de communications : 

(1) transmission d'un code d'activation au 
repeteur (102) si le repeteur est determine 
comme etant inactif ; 
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dispositifs de communications. 

8. Procede selon la revendication 7, dans lequel a clia- 
que sous-tranclie de temps est associee une partie 

de donnees (202) pour des informations de proto- 5 
cole de signalisation et une partie vocale pour des 
informations vocales vo-codees. 

9. Repeteur destine a fonctionner dans un systeme de 
communications a multiplexage par repartition dans io 
le temps, ayant une pluralite d'unites distantes (1 04, 
106, 108) comprenant : 

(a) un moyen de reception d'un code d'activa- 
tion par au moins I'une de la pluralite d'unites ?5 
distantes ; 

(b) un moyen de transmission d'un signal de 
donnees (300) contenant au moins une partie 
de synchronisation (306, 308) et des informa- 
tions d'affectation de tranches a au moins une 20 
unite distante, en reponse au code d'activation ; 

(c) un moyen de reception, ensuite, d'un signal 
d'information (314) par ladite unite distante, 
comprenant un signal de donnees en pream- 
bule, pendant au moins une tranche de temps 25 
d'une vole de communications a un debit pre- 
determine C pour fournir un signal d'information 
regu ; 

(d) un moyen de repetition (912) dudit signal 
d'information regu precede d'un signal de don- 30 
nees dans au moins une tranche de temps audit 
debit ; 

(e) un moyen de determination qu'aucune de la 
pluralite d'unites distantes n'a transmis d'infor- 
mations pendant un intervalle de temps, et 35 

(f) un moyen de desactivation automatique du 
repeteur apres cet intervalle de temps. 



55 



EP0 412 583 B1 




EP0 412 583 B1 




EP0 412 583 B1 




EP0 412 583 B1 



RECEIVER 



510 



r 



506 



503 



DUPLEXER » 



504 



SYSTEM 
REFERENCE 



514 



TRANSMITTER 
JL 



■502 



CONTROLLER 



512 



CLOCK 
RECOVERY 



500 



RECEIVER 



610 



r 



624- 



606 



SWITCH 



606 



r 



604 



SYSTEM 
REFERENCE 



I 



614 



TRANSMITTER 



602 



CONTROLLER 



518 



612- 



-620 



-622 



BUFFER 



CLOCK 
RECOVERY 



600 



EP0 412 583 B1 




EP0 412 583 B1 



c 



REMOTE 
CONTROLLER 



3 



INITTAUZE I 



aoo 



'» 4- 




802 



TRANSMIT REPEATER 
KEY-UP CODE 



■> " 



^806 
SYNC \N0 




-¥ 



ENABLE VO-CODER 
ANALYZER 



808 



810 




YES 



EP0 412 583 B1 



• 4 

I 

TAKE VO-CODED 
SPEECH FROM ANALYZER 



I 



ai2 



STORE IN SUFFER 



816 

BUFFER \N0 




817 




YES 



-> <• 



-> • 



FORMAT OVERHEAD 

1 



820 



822 



TRANSMIT SINGLE 
TDM CHANNEL 




YES ,^ 



3^ L^^. 



EP0 412 583 B1 




EP0 412 583 B1 



f prima;?y controller A 

(REPEATER) J 




900 



902 



START FRAWE MARKER 
AND KEY UP 
TRANSMITTER 



904 



SEND ONE BURST OF 
OVERHEAD WITM TIME 
SLOT ASSIGNMENT 



906 



910 



912 



V 



^906 
SYNC ^ 
FROM REMOTE NiiO. 
RECEIVED 
7 

Tyes 



RESET TRANSMITTER 
TIME OUT TIMER 



I 



RECEIVE TDM 
VO-CODED DATA 



I 



RETRANSMIT TDM 
DATA WITH OVERHEAD 



i 




-> — ^> 



916 



SEND ALT "1" - "0" 
IN RRST SUa-SLOT 



I 



918 



SEND OVERHEAD AND 
ALT "1" - "0" FOR 
REMAINING SUB-SLOT 
IN THE TIME SLOT 



